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Omega-3 enriched foods are considered functional foods, however they may present undesirable sensory
characteristics due to oxidation. The objective of this study was to evaluate the inﬂuence of the addition
of 0.00e5.00 g/100 g microencapsulated omega-3 fatty acids (MO) and of 0.000e0.100 g/100 g rosemary
extract (RE) on the technological and sensory quality of white pan bread, following a 22 central
composite rotational design (CCRD). The responses evaluated were the speciﬁc volume, texture, moisture
and color, and the scores obtained in the sensory acceptance test for appearance, aroma, ﬂavor, texture
and overall acceptance, and purchase intention. Increasing MO concentration reduced speciﬁc volume
and lightness and increased ﬁrmness and color saturation. Increasing RE concentration presented only
a small effect on the reduction of lightness. In the sensory acceptance test, all samples presented
acceptable scores (>5).
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Currently, consumers and food companies have become
increasingly concerned about healthy diets. The reasons that have
motivated production, consumption and research of functional
foods include increasing strength to face the stress of modern life,
eliminating bad diet habits, weight control (about 50% of the
population in industrialized countries is obese), preventing
degenerative diseases (heart disease, cancer and diabetes, which
account for almost two thirds of deaths in the world), compen-
sating the effects of lack of exercises and slowing the aging process
(Kahlon & Keagy, 2003).
Foods enriched with omega-3 polyunsaturated fatty acids of
marine origin, EPA (eicosapentaenoic acid) and DHA (docosahex-
aenoic acid), may be classiﬁed as functional foods, by acting on
human health. The omega-3 fatty acids constitute the tissues that
compose the central nervous system, act in the proper functioning
of sight, as well as in the prevention of cardiovascular diseases,
cancer and autoimmune and inﬂammatory diseases (Simopoulos,
1991; Thautwein, 2001).
Whelan and Rust (2006) list the recommendations for the daily
intake of omega-3 made by various authors and entities. In 1999,x: þ55 19 3289 3617.
nto).
sevier OA license.the British Nutrition Foundation (U.K.) recommended the
consumption of 1.25 g/day total omega-3 fatty acids; in 2000,
Simopoulos, Leaf and Salem, 650 mg/day EPA þ DHA; in 2002, the
Scientiﬁc Advisory Committee on Nutrition, also from the U.K.,
>0.2 g/day omega-3 fatty acids; in 2003, the World Health Orga-
nization (WHO), 1e2 calories/100 calories from omega-3 fatty
acids; in 2004, the International Society for the Study of Fatty Acids
and Lipids, 500 mg/day EPA þ DHA. In 2004, the Food and Drug
Administration (FDA) of the United States of America allowed the
claim of functional foods enriched with omega-3 belonging to the
functional foods group, but also suggested that EPA þ DHA
consumption does not exceed 3 g/day because of possible adverse
effects on glycemic control, increased bleeding time and elevation
in LDL cholesterol. In Brazil, the National Health Surveillance
Agency (ANVISA) requires that products enriched with omega-3
fatty acids should provide at least 0.1 g EPA and/or DHA per
serving or 100 g or 100mL to allow the claim of functional property
(ANVISA, 2009).
The greatest difﬁculty for the fortiﬁcation of food with ﬁsh oil
containing EPA and DHA is because they are polyunsaturated fatty
acids, highly unstable and susceptible to oxidation in the presence
of light and oxygen, losing their functional and sensory qualities
(Ackman, 2006).
In order to be incorporated into food formulations, a maximum
limit should be observed to avoid affecting sensory acceptance.
Depending on the food type, the added concentration ranges from
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stored in packages exposed to light and oxygen and for long periods
of time (Kolanowski & Laufenberg, 2006).
Microencapsulation is one of the strategies used by industry to
protect the polyunsaturated fatty acids of external factors which
initiate the oxidation process that can produce off-ﬂavors, both
during processing and storage; also to mask any unwanted odor
and ﬂavor in the ﬁnal product and to facilitate handling
(Kolanowski & Laufenberg, 2006).
Natural antioxidants have beenwidely used bymanufacturers of
food products, and have the advantage of being well accepted by
consumers because they are considered healthy or “non-chemical”.
In the Brazilian legislation they are classiﬁed as spices (Nassu,
Gonçalves, Silva, & Beserra, 2003).
Rosemary extract (Rosmarinus ofﬁcinalis) has antioxidant prop-
erties and is widely used in the food industry. The antioxidant
activity of rosemary extract is associated with the presence of
phenolic compounds, such as carnosic acid, rosmarinic acid, car-
nosol, rosmanol, rosmariquinone and rosmaridiphenol, which react
with free radicals formed in the oxidation process (Aruoma,
Halliwell, Aeschbach, & Löligers, 1992; Basaga, Tekkaya, & Acitel,
1997).
The purpose of this study was to evaluate the inﬂuence of the
addition of microencapsulated omega-3 (MO) and rosemary
extract (RE) on the technological and the sensory quality of white
pan bread, following a Central Composite Rotational Design
(CCRD) and analyzing the results by the Response Surface
Methodology (RSM).
2. Materials and methods
2.1. Raw materials
The wheat ﬂour used for the production of the bread was kindly
donated by Bunge Alimentos S/A (Tatuí, SP, Brazil), containing
13.28  0.06 g/100 g moisture, 10.49  0.09 g/100 g proteins,
1.22  0.07 g/100 g lipids, 0.46  0.10 g/100 g ash, 74.55 g/100 g
carbohydrates, Falling Number of 353 s  13.5, stability of 6.17 min
and water absorption of 63.2 g/100 g.
The microencapsulated omega-3, BA35 Plus, containing 12.9 g
EPA þ DHA/100 g (supplier’s speciﬁcations), was provided by
Funcional Mikron Company (Valinhos, SP, Brazil). The rosemaryTable 1
Effect of concentration of rosemary extract and microencapsulated omega-3 on the techn
white pan bread.
Samples Coded
variablesa
Real variablesb Moisture
(g/100 g)c
Speciﬁc Volu
(cm3/g)c
x1 x2 RE
(g/100 g)
MO
(g/100 g)
1 1 1 0.015 0.73 38.31CD  0.46 3.56BC  0.
2 þ1 1 0.085 0.73 40.43ABC  0.79 3.49CD  0.
3 1 þ1 0.015 4.27 40.06ABC  0.58 2.57F  0.
4 þ1 þ1 0.085 4.27 40.76AB  1.30 2.66F  0.
5 ea 0 0.000 2.50 41.86A  0.09 3.25CDE  0.
6 þa 0 0.100 2.50 36.94D 0.20 2.98EF  0.
7 0 ea 0.050 0.00 36.77D  0.88 4.05A  0.
8 0 þa 0.050 5.00 41.28A  1.58 2.59F  0.
9 0 0 0.050 2.50 38.92BCD 0.57 2.92EF  0.
10 0 0 0.050 2.50 40.29ABC  0.87 2.92EF  0.
11 0 0 0.050 2.50 40.52ABC  0.05 3.00DEF  0.
Control e e e e 38.23CD  0.24 4.01AB  0.
a a ¼ (2n)1/4, where n ¼ number of independent variables, in this case a ¼ 1.41; x1 ¼
b Rosemary extract (RE); Microencapsulated omega-3 (MO).
c The results represent the averages of determinations  standard deviation. Samplesextract (R. ofﬁcinalis) powder, GUARDIAN Rosemary Extract 10,
containing 96 g/100 g salt (NaCl) and natural rosemary extract and
4 g phenolic diterpenes/100 g (supplier’s speciﬁcations), was
provided by Danisco Brasil Ltda. (Cotia, SP, Brazil). The other
ingredients were supplied by the bakery of the Faculty of Food
Engineering, UNICAMP.2.2. Bread preparation
The formulation used for the preparation of white pan bread
was composed of ﬂour (100 g), water (67 g/100 g), salt (2 g/100 g),
sugar (4 g/100 g), instant yeast (2 g/100 g), bread improver
Diacetyl tartaric acid ester of mono- and diglycerides (DATEM)
from Danisco (Cotia SP) (1 g/100 g), fat (3 g/100 g), calcium
propionate (0.3 g/100 g). The percentages of rosemary extract and
microencapsulated omega-3 were calculated by total dough
weight multiplied by the concentration determined by the
experimental design. The production of bread was carried out at
the bakery of the Faculty of Food Engineering, UNICAMP, using: an
automatic spiral dough mixer, model HAE10; a bread-molding
machine, model HM2; a Hypo mini-oven, model HF4B, from
Indústria de Máquinas Hyppolito Ltda. (Ferraz de Vasconcelos, SP).
The ingredients were homogenized in the dough mixer, for 4 min
on ﬁrst speed. They were mixed on second speed until the
complete development of the gluten network (dough temperature
of 28C  2 C). Portions of 200 g of dough were left to rest,
covered with plastic, for 5 min, and were then put through the
molding machine. The molded doughs were placed in open pans
and allowed to ferment for 35 min. The baking was conducted at
160 C for 20 (2) minutes with steam.2.3. Experimental design
The loaves of bread were produced with varying concentrations
of microencapsulated omega-3 (MO) and rosemary extract (RE),
according to the levels presented in Table 1. The 22 central
composite rotational design (CCRD) described in Table 1 was fol-
lowed, with 4 factorial points, 4 axial points and 3 central points,
totalizing 11 trials. A control formulation was also prepared
(without the addition of the compounds under study) for
comparison purposes.ological characteristics (moisture, speciﬁc volume, ﬁrmness and color parameters) of
me Firmness (N)c L*c C*c hc
13 6.02EF  0.21 80.57A  0.43 16.30A  0.14 90.28B  0.16
27 6.07EF  1.35 80.51A  0.73 15.98A  0.21 91.25A  0.24
22 13.81A  1.05 78.75B  0.21 23.27E  0.07 88.38D  0.39
06 11.88ABC  0.73 77.23C  0.36 22.35D  0.13 89.27C  0.23
11 9.14CD  0.62 79.11B  0.26 20.30C  0.26 89.12CD  0.18
15 8.70DE  1.85 78.16BC  0.20 19.45B  0.26 88.63D  0.23
19 4.56F  1.34 80.50A  0.35 16.02A  0.47 90.40B  0.22
10 12.32AB  2.70 77.90B  0.30 23.33E  0.17 89.20C  0.10
12 7.75DEF  0.30 78.73B  0.74 19.81BC  0.31 89.13C  0.22
12 9.63BCD  1.92 78.19BC  0.49 20.39C  0.35 88.42D  0.23
26 7.83DEF  1.15 78.11BC  0.53 19.80BC  0.39 89.41C  0.19
13 5.50F  1.26 80.84A  0.70 16.21A  0.24 90.31B  0.26
Rosemary extract, x2 ¼ Microencapsulated omega-3.
followed by same letters do not differ (p  0.05) by the Tukey test.
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The analyses to assess the technological quality of bread were
performed 1 day after production, following the methodologies
described below.
2.4.1. Speciﬁc volume
The speciﬁc volume was determined by AACC method 10e11
(2000a). After weighing on a semi-analytical balance, the volume
of the breads was measured by millet seed displacement, having
the speciﬁc volume (cm3/g) as the ratio of the volume (cm3) and
the mass of the breads (g). This analysis was performed in
triplicate.
2.4.2. Crumb ﬁrmness (instrumental texture)
The bread crumb texture was evaluated according to AACC
method 74-09 (2000d) using a texture analyzer, model TA-XT2, and
the XTRA Dimension program, Stable Micro Systems (Haslemere,
Surrey, England), on the following operating conditions: measure of
force in compression, pre-test speed: 1.0 mm/s, test speed: 1.7 mm/
s, post-test speed: 10.0 mm/s, penetration distance of 40 mm/
100mm. The analysis was performed using two overlapping central
slices, in quintuplicate.
2.4.3. Crumb moisture content
The samples were prepared according to AACC method 62-05
(2000b) and, after that, their moisturewas determined according to
AACC method 44-15 (2000c), in triplicate.
2.4.4. Crumb instrumental color
The bread crumb color was determined in two different points
of three central slices, totalizing six repetitions. The values of L*
(Lightness), a* (Green to Red) and b* (Blue to Yellow) were deter-
mined, and with these parameters the cylindrical coordinates C*
(chroma) and h (hue angle) were calculated, using Equations (1)
and (2) (Minolta, 1994, 49 p). Analyses were performed in a Color
Quest II HUNTERLAB spectrophotometer (Reston, VA, USA). The
measurement was performed using the D65 illuminant, reﬂectance
(opaque objects), with the observer angle of 10 and with the
specular excluded. The instrumental color of the micro-
encapsulated omega-3 and of the rosemary extract (raw materials)
was also determined, in triplicate, to verify their effects on the
crumb color.
C* ¼

a2 þ b2
1=2
(1)
hðÞ ¼ tang1ðb=aÞ (2)2.5. Evaluation of the lipids extracted from breads
To verify the integrity of the microencapsulated omega-3 after
the processing of bread, the fatty acid composition of lipids
extracted from breads was examined, checking for a possible
(unwanted) release of omega-3, by the procedures described below.
2.5.1. Lipid extraction from breads
Three slices of bread of each test were partially dried,
according to AACC method 62-05 (2000b). Then they were
crushed in a multi-use mill, model TE-631/2 (Tecnal, Piracicaba,
SP), and placed in cartridges of the Soxhlet extractor. The lipids
were extracted using petroleum ether as solvent, carefully
controlling the temperature (60e75 C) in order to avoid thermal
degradation.2.5.2. Fatty acid composition of the lipids extracted from breads
The lipids extracted from breads were converted into fatty acids
methyl esters, according to the methodology proposed by
Hartmann and Lago (1973) and their composition was determined
according to AOCS method Ce 1-62 (2004). A capillary gas chro-
matograph CGC AGILENT 6850 SERIES GC SYSTEM; capillary
column DB-23 AGILENT (1:1 cyanopropyl:methylpolysiloxane),
dimensions: 60m, inner diameter 0.25mm, ﬁlm 0.25 mm,was used.
Chromatography operating conditionswere: column ﬂow¼ 1.0mL/
min; linear velocity 24 cm/s; detector temperature 280 C; injector
temperature 250 C; oven temperature 195 C for 20 min, from 195
to 215 C (5 C/min), 215 C for 16 min; carrier gas: helium; injected
volume: 1.0 mL and split ratio: 1:50.
2.6. Sensory analysis
The sensory acceptance test (appearance, aroma, ﬂavor, texture
and overall acceptance) was conducted using a 9-point hedonic
scale (1¼ “disliked extremely”, 9¼ “liked extremely”), according to
Stone and Sidel (1985), and the purchase intention, using 5-point
scale (1 ¼ “certainly would not buy” and 5 ¼ “certainly would
buy”). The sensory analysis counted with 54 untrained panelists,
over than 18 years old, 16 male and 38 female, who were recruited
among students, staff and professors of the Faculty of Food Engi-
neering (UNICAMP). A balanced block design (each sessionwith six
samples), with respect to the effects of the samples and contrasts,
as proposed byMacﬁe and Bratchell (1989), was used. Half a slice of
bread of each test was presented monadically, on plastic plates
coded with three digits, in individual booths.
2.7. Statistical analysis
The evaluation of the effects of the different concentrations of
microencapsulated omega-3 (MO) and rosemary extract (RE) on
the technological and sensory characteristics of white pan bread
was done using the STATISTICA 7.0 software (StatSoft Inc., Tulsa, OK,
USA), verifying the possibility of analysis of results by the Response
Surface Methodology. The same program was used for the mean
comparison test (verifying differences with the Control) by analysis
of variance (ANOVA) and the Tukey test, at a signiﬁcance level of
0.95 (p  0.05).
3. Results and discussion
3.1. Technological characterization of breads
The results for speciﬁc volume, ﬁrmness, moisture and crumb
color obtained in the technological characterization after 1 day of
processing are presented in Table 1.
3.1.1. Speciﬁc volume
According to Shittu, Raji, and Sanni (2007), higher weights and
volumes exert positive economic effects in the production of
breads. The speciﬁc volume, which is the ratio between the volume
and weight, has been adopted in the literature as the most reliable
measure for white pan bread. The speciﬁc volume is affected by the
quality and quantity of proteins inwheat ﬂour (Ragaee & Abdel-Aal,
2006), as well as the time of fermentation (Zghal, Scanlon, &
Sapirstein, 2002).
The values of speciﬁc volume found (2.57e4.05 cm3/g) corrob-
orate with values found for bread made of wheat ﬂour and cassava,
with 30 min fermentation (Shittu et al., 2007). The Control pre-
sented speciﬁc volume of 4.01 cm3/g. None of the samples reached
the speciﬁc volume ideal for white pan bread, of 6 cm3/g,
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due to the shorter fermentation time used.
Tthe mathematical model (R2 ¼ 0.95; Fcalc/Ftab ¼ 16)
obtained for the dependent variable of speciﬁc volume is shown in
Equation (3).
Specific volume

cm3=g

¼ 2:99 0:49MOþ 0:13MO2 (3)
It is observed that the increase of the concentration of MO
caused a reduction of the speciﬁc volume of the bread, and that the
addition of RE, within the range studied, did not interfere in this
response.
According to Serna-Saldivar, Zorrilla, La Parra, Stagnitti, and
Abril (2006), white pan bread enriched with 1.6 g/100 g or 3.2 g/
100 g (ﬂour basis) of microcapsules of oil rich in DHA (20 g/100 g
oil) presented reduction in the volume when compared to that
which was produced with different sources of omega-3 fatty acids
(oils and emulsions). The addition of microcapsules can dilute the
gluten, due to the composition of wall material, interfering with the
retention of gases during the baking process.
3.1.2. Crumb ﬁrmness (instrumental texture)
The ﬁrmness values varied from 4.56 to 13.81 N. The Control
presented ﬁrmness of 5.50 N.
The mathematical model (R2 ¼ 0.88; Fcalc/Ftab ¼ 12.46) for the
dependent variable of ﬁrmness, determined by instrumental
texture analysis, is shown in Equation (4).
FirmnessðNÞ ¼ 8:73þ 6:15MO (4)
It is observed that increasing the concentration of MO caused
a linear increase in the ﬁrmness of the bread, and the addition of RE,
within the range studied, also did not interfere in this response.
Comparing the surfaces obtained for speciﬁc volume and ﬁrm-
ness, it is observed that bread with lower speciﬁc volume is ﬁrmer.
White pan bread enriched with 1.6 g/100 g and 3.2 g/100 g of
microcapsules of oil rich in DHA presented inferior texture char-
acteristics in comparison to bread made with different sources of
omega-3 (Serna-Saldivar et al., 2006).
3.1.3. Crumb moisture
The moisture content of the crumb has some mechanical and
qualitative implications, being related with the gelatinization of
starch in the dough during the baking process and correlated with
crumb softness (Zghal et al., 2002).
The crumb moisture contents presented values from 36.77 to
41.86 g/100 g. The Control had a moisture content of 38.23 g/100 g.
It was not possible to obtain a mathematical model and response
surface to describe the behavior of this investigated variable
because R2 was inferior to 0.70. This indicates that the variation of
the MO and RE, within the ranges studied, had no effect on crumb
moisture.
The variation (around 5 g/100 g between the minimum and
maximum) can be attributed to small variations in processing,
especially in oven temperature and baking time (þ2 min).
The Samples 4, 5 and 8 (with 4.27, 2.50 and 5.00 g/100 g MO,
respectively) were statistically different (p < 0.05) to the Control.
This is a possible indication that with larger amounts of MO there
was greater retention of water in bread crumb. This could mean
that the polymer used as wall material has hydrophilic compounds.
3.1.4. Crumb instrumental color
Previous studies have shown that the instrumentalmeasurement
of the color of baked products is inevitable for checking the quality of
the products, determining the effects of variations in ingredients or
formulations, process variables, as well as the storage conditions ofbakery products (Erkan, Celik, Bilgi, & Koskel, 2006; Gallagher,
Gormley, & Arendt, 2003; Sanchez, Klopfenstein, & Walker, 1995).
According to the “Commission Internationale d’Éclairage” (1976),
the value L* represents the lightness of the sample, comprising
values from 0 (dark) to 100 (light) and the chromaticity coordinates
a* and b* allow the calculation of the cylindrical coordinates C*,
which deﬁnes the color saturation index, and h, which deﬁnes the
hue angle.
It is possible to observe in Table 1 that the samples showed L *
ranging from 77.23 to 80.84, tending to yellow (h close to 90), and
color saturation ranging from 15.98 to 23.33. The h values did not
allow for the data mathematical modeling (R2 < 0.70).
The mathematical model (R2 ¼ 0.88; Fcalc/Ftab ¼ 4.05) for the
dependent variable lightness (L*) is shown in Equation (5).
Lightness ¼ 78:65 0:36RE 1:10MOþ 0:45MO2 (5)
It is possible to observe that an increase in the concentrations of
both MO and RE, within the ranges studied, caused a decrease in
the lightness of the breads, with MO having a more pronounced
effect.
The values of lightness and color saturation of Samples 1, 2 and 7
(with 0.73, 0.73 and 0.00 g/100 g MO, respectively) were not
statistically different (p > 0.05) from the Control, all presenting
high values of L* and lower values of C*, showing that low
concentrations of microcapsules did not affect the color charac-
teristics of bread.
The mathematical model (R2 ¼ 0.89; Fcalc/Ftab ¼ 16.41) for the
dependent variable color saturation (C*) is shown in Equation (6).
Color saturation ¼ 20:11þ 2:96MO 0:36MO2 (6)
It is noticeable that only the microencapsulated omega-3
concentration (MO) had an effect on this response, as the
increase of MO resulted in an increase of C*.
Although the color of microencapsulated omega-3 (L*85.65
0.15,C*19.770.15andh 86.00 0.07)was lighter thanthatof the
rosemary extract (L* 64.02  0.37, C* 19.24  0.19 and h
86.32  0.29), the lower lightness and higher color saturation of the
breadsamples containinghigherconcentrationsofmicrocapsules can
be explained by the lower volume of these bread (resulting in denser
loaves), due to the interference of themicrocapsules in the formation
of gluten network, possibly by the composition of its wall material.
The concentrationsof the rosemaryextract used (0e0.1 g/100g)were
very low, resulting in little to no inﬂuence on the color parameters.3.2. Evaluation of lipids extracted from bread
The fatty acid composition of the lipids extracted from the bread
prepared following the experimental design did not differ from the
Control, whose fat source was the added fat and lipids of the wheat
ﬂour used, presenting the following fatty acid composition (in
average), per 100 g lipids extracted: 2.25 g lauric acid (C12:0), 1.35 g
myristic acid (C14:0), 20.83 g palmitic acid (C16:0), 0.42 g palmi-
toleic acid (C16:1), 7.78 g stearic acid (C18:0), 33.46 g oleic acid and
isomers (C18:1), 31.70 g linoleic acid and isomers (C18:2), 1.56 g
linolenic acid and isomers (C18:3), 0.38 g arachidic acid (C20:0) and
0.27 g behenic acid (C22:0). There were no EPA and DHA fatty acids
in the samples analyzed, indicating the integrity of the microcap-
sules after baking, as can be seen in Fig. 1.3.3. Sensory analysis
Table 2 presents the results obtained in the sensory acceptance
test (appearance, aroma, ﬂavor, texture and overall acceptance) and
Fig. 1. Chromatograms of fatty acid composition of the samples (a) Control, (b) Test 10 (2.5 g/100 g MO þ 0.05 g/100 g RE), (c) Test 8 (5.0 g/100 g MO þ 0.05 g/100 g RE) and (d) Test
7 (0.0 g/100 g MO þ 0.05 g/100 g RE). Rosemary extract (RE); Microencapsulated omega-3 (MO).
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conducted with 54 untrained panelists.
3.3.1. Appearance
All samples, when evaluated with respect to appearance, had
sensory scores exceeding 6, classiﬁed between “liked slightly” and
“liked very much”. According to Serna-Saldivar et al. (2006), white
panbread enrichedwithmicroencapsulatedDHApresented average
values for the colorparameter in the sensoryanalysis between “liked
slightly” and “likedverymuch” in the courseof 13daysof evaluation.Table 2
Effect of the concentration of rosemary extract and microencapsulated omega-3 on the s
Tests Coded
variablesa
Real variablesb Appearancec Aromac
x1 x2 RE
(g/100 g)
MO
(g/100 g)
1 1 1 0.015 0.73 7.35AB  1.33 7.30A  1.30
2 þ1 1 0.085 0.73 6.89ABC  1.63 7.07ABC  1.55
3 1 þ1 0.015 4.27 6.54BC  1.42 6.04D  1.67
4 þ1 þ1 0.085 4.27 6.61BC  1.31 6.19D  1.61
5 ea 0 0.000 2.50 6.89ABC  1.61 6.35BCD  1.48
6 þa 0 0.100 2.50 6.52C  1.49 6.04D  1.35
7 0 ea 0.050 0.00 7.57A  1.31 7.15AB  1.66
8 0 þa 0.050 5.00 6.70BC  1.50 6.15D  1.64
9 0 0 0.050 2.50 6.74BC  1.46 6.20CD  1.51
10 0 0 0.050 2.50 6.61A  1.64 6.30BCD  1.54
11 0 0 0.050 2.50 6.69A  1.53 6.41BCD  1.54
Control e e e e 7.39A  1.22 7.13AB  1.54
a a ¼ (2n)1/4, where n ¼ number of independent variables, in this case a ¼ 1.41; x1 ¼
b Rosemary extract (RE); Microencapsulated omega-3 (MO).
c The results represent the averages of determinations  standard deviation. SamplesThe Samples 3, 4, 6, 8 and 9 (in general, with higher concen-
trations of MO, 2.5 g/100 g) presented statistically signiﬁcant
difference (p  0.05) from the Control, showing the effect on the
appearance caused by the addition of microcapsules in high
concentrations (Table 2). There is a correlation with the data
obtained in the instrumental analysis of color (Table 1), indicating
that the lower the lightness (L*) and the higher the color saturation
(C*), the lower was the appearance acceptance.
The mathematical model (R2 ¼ 0.98; Fcalc/Ftab ¼ 15.43) for the
dependent variable appearance acceptance is shown in Equation (7).ensory characteristics of white pan bread.
Flavor Texturec Overall acceptancec Purchase
intention
7.24A  1.33 7.22AB  1.38 7.30A  1.25 4.20AB  0.76
6.91AB  1.44 7.07ABC  1.66 7.07AB  1.29 3.98A  1.04
5.74C  1.74 5.69E  1.85 5.91C  1.48 3.15D  1.27
6.24BC  1.45 6.74ABCD  1.57 6.39BC  1.28 3.46CDE  0.91
6.30BC  1.44 6.63ABCD  1.75 6.43BC  1.42 3.61BCD  1.07
5.69BC  1.70 6.31CDE  1.58 5.85C  1.57 2.93E  1.11
7.20A  1.52 7.37A  1.55 7.43A  1.40 4.29AB  0.89
6.09BC  1.75 6.09DE  1.88 6.17BC  1.63 3.50CDE  1.08
6.06BC  1.62 6.52ABCD  1.45 6.30BC  1.59 3.20DE  1.17
6.52ABC  1.50 6.11DE  1.87 6.33BC  1.39 3.59BCD  1.07
6.24BC  1.64 6.70ABCD  1.47 6.43BC  1.49 3.82ABCD  1.02
7.33A  1.40 7.31AB  1.36 7.35A  1.22 4.24A  0.87
Rosemary extract, x2 ¼ Microencapsulated omega-3.
followed by same letters do not differ (p  0.05) by the Tukey test.
L.C. de Conto et al. / LWT - Food Science and Technology 45 (2012) 103e109108Appearance ¼ 6:67 0:11RE 0:29MOþ 0:21MO2
þ 0:13RE:MO (7)
It is possible to observe that increasing the concentrations of
both MO and RE caused a decrease in the scores of appearance
acceptance, within the ranges studied, with MO having a more
pronounced effect.
Of the 54 panelists, 5 included comments about the appearance
of the samples, mentioning the presence of white spots and dark
spots scattered on the slices, probably due to the microcapsules
that resisted the processing of the bread and to the rosemary
extract added in powdered form.
3.3.2. Aroma
Regardingaromaacceptanceofbread, all theaverages ranged from
“liked slightly” to “liked verymuch”, with 4 panelistsmentioning the
existence of unusual smell or no smell of rosemary. Samples 1, 2, 5, 7,
10 and 11 (in general, with lower concentrations ofMO,2.5 g/100 g)
did not differ statistically (p > 0.05) from the Control sample.
The mathematical model (R2 ¼ 0.87; Fcalc/Ftab ¼ 6.36) for the
dependent variable of aroma acceptance is shown in Equation (8).
Aroma ¼ 6:31 0:45MOþ 0:23MO2 (8)
It can be observed that only the concentration of MO had an
effect on this response, and an increase of MO resulted in a reduc-
tion of the aroma acceptance.
3.3.3. Flavor
It was not possible to obtain a response surface for the depen-
dent variable ﬂavor acceptance, due to the coefﬁcient of determi-
nation (R2) being less than 0.77 and the ratio calculated F/tabled F
being lower than 3, indicating a relevant lack of ﬁt in the analysis of
variance of the regression.
Samples 3, 4, 5, 6, 8, 9 and 11 presented average scores for ﬂavor
acceptance between “neither liked nor disliked” and “liked very
much”, differing statistically (p< 0.05) from the Control. Samples 1,
2, 7 and 10 (in general, with lower concentrations of MO, 2.5 g/
100 g) did not statistically differ (p > 0.05) from the Control.
In the work of Serna-Saldivar et al. (2006), samples of bread
containing microencapsulated omega-3 showed results between
“liked slightly” and “liked very much” in the course of 13 days of
evaluation, in relation to ﬂavor.
Five panelists identiﬁed ﬁsh ﬂavor in Samples 6 and 9, three
pointed out an excess of salt in Sample 7, and three complained that
they could not notice the rosemary extract.
3.3.4. Texture
The mean scores for texture acceptance ranged from “neither
liked nor disliked” to “liked moderately”. Samples 3, 6, 8 and 10 (in
general, with higher concentrations of MO, 2.5 g/100 g) statisti-
cally differed (p  0.05) from the Control. These samples also
showed elevated levels of ﬁrmness (>8.7 N) in the instrumental
texture analysis.
It was not possible to obtain a response surface for the dependent
variable texture acceptance, because the coefﬁcient of determination
(R2) being less than0.64 and the ratio calculated F/tabledFwasbelow
3, indicating a signiﬁcant lack of ﬁt in the ANOVA of the equation.
According to Serna-Saldivar et al. (2006), breads enriched with
DHA microcapsules presented average scores between “liked
slightly” and “liked very much”.
Five panelists included comments with respect to the texture of
the breads, referencing that some samples were dry, sticky and had
a sandy aspect.3.3.5. Overall acceptance
The mathematical model (R2 ¼ 0.85; Fcalc/Ftab ¼ 5.04) for the
dependent variable of overall acceptance is shown in Equation (9).
Overall acceptance ¼ 6:30 0:48MOþ 0:29MO2 (9)
It is possible to observe that only the concentration of MO had
an effect on this response, and that an increase of MO resulted in
a reduction of overall acceptance. However, within the ranges
studied, all scores were acceptable (>5).
3.3.6. Purchase intention
It was not possible to obtain a response surface for purchase
intention, because the coefﬁcient of determination (R2) of the
equation was inferior to 0.70.
Only the scores of Sample 6 were between 3 and 2 (“would
possibly buy/would possibly not buy” and “would probably not
buy”), also being the one which presented the lowest scores for
appearance, aroma, ﬂavor and overall acceptance.
The other samples had average scores for purchase intention
between 5 and 3 (“certainly would buy” and “would possibly buy/
would possibly not buy”).
4. Conclusions
The results obtained in this study showed that the addition of
microencapsulated omega-3 caused effects on most of the techno-
logical characteristics (speciﬁc volume, ﬁrmness, L* and C*) and
sensory characteristics (appearance, aroma and overall acceptance)
of white pan breads. However, the addition of rosemary extract had
almost no inﬂuence on the technological and sensory characteristics
of white pan bread, within the ranges studied. The micro-
encapsulated omega-3 presented good resistance to the baking
process temperatures, as evidenced by the lack of EPA and DHA in
the lipids extracted from the loaves of bread, being adequate for the
bread formulation. The bread had good sensory acceptance
(scores > 5), even at the maximum dosage of omega-3 microcap-
sules (5 g/100 g total mass). Given a formulation with 5.0 g/100 g
addition of microencapsulated omega-3, it would be necessary to
consume a serving of 50 g, being 0.30 g omega-3 (12.9 g/100 g
EPA þ DHA), to ingest 60% of the recommendation of the Interna-
tional Society for the Study of Fatty Acids and Lipids (0.5 g/day
EPAþDHA). This consumptionwouldmeet the recommendation of
the Scientiﬁc Advisory Committee on Nutrition (>0.2 g/day omega-3
fatty acids) and would allow the claim of functional property
according toANVISA (at least 0.1 gof EPAand/orDHA in theportion).
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